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Abstract
We investigate a D dimensional generalization of the Schroedinger-
Newton equations, which purport to describe quantum state reduction as
resulting from gravitational effects. For a single particle, the system is a
combination of the Schroedinger and Poisson equations modified so that
the probability density of the wavefunction is the source of the potential
in the Schroedinger equation. For spherically symmetric wavefunctions, a
discrete set of energy eigenvalue solutions emerges for dimensions D < 6,
accumulating at D = 6. Invoking Heisenberg’s uncertainty principle to
assign timescales of collapse correspoding to each energy eigenvalue, we
find that these timescales may vary by many orders of magnitude depend-
ing on dimension. For example, the time taken for the wavefunction of a
free neutron in a spherically symmetric state to collapse is many orders of
magnitude longer than the age of the universe, whereas for one confined





In quantum mechanics, objects are described by wavefunctions. These take the
form of complex superpositions of various evolutionary alternatives, or states.
Although successful in describing many aspects of the quantum world, this pic-
ture often leads to troubling interpretations when extrapolated to the macro-
scopic level. One issue that has suered long debate is the fact that one never
observes a superposition of states. Rather, one only observes a system’s basic
or stationary states. We are therefore forced to provide a mechanism by which
quantum wavefunctions reduce to their stationary states. This process is called
wavefunction collapse or state reduction. Motivated by the basic conflicts which
exist between general relativity and quantum mechanics, a number of authors
have proposed the idea that wavefunction collapse is an objective phenomenon
which arises due to gravitational eects [?]. For example Penrose [?] has sug-
gested a scheme in which a superposition of two stationary quantum states
should be fundamentally unstable if there exists a signicant mass displacement
between them. In this case there should be some characteristic timescale TG for
decay into the basic states. Although a detailed estimate of TG would require a
full theory of quantum gravity, under this hypothesis it is reasonable to expect
that for non-relativistic systems
TG ’ }EG (1)
where EG is the gravitational self-energy of the dierence between the mass
distributions of the two states.
The explicit nature of the basic states in this consideration is somewhat
unclear. We cannot simply regard the position of a lump of mass as a basic
state, because then we would be forced to regard any general state of a particle
as a superposition. As a possible solution to this problem, Penrose proposes that
these (non-relativistic) basic states are solutions of the Schroedinger equation
− }22mr2Ψ + UΨ = EΨ (2)
where the additional term represents a coupling to a certain gravitational poten-
tial U . This potential is determined (via the Poisson equation) by the expecta-
tion value of the mass distribution in the state determined by the wavefunction.
For single particle systems, the matter density is determined by the probability
density from the wavefunction, and so
r2U = 4piGm2 jΨj2 (3)
where G is Newton’s gravitational constant, and m is the mass of the single
particle. Equations (2,3) are dubbed the Schroedinger-Newton (SN) equations
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[?]. A preliminary investigation of the properties of the solutions to the SN
equations was recently carried out by Moroz et. al. [?]. Under the assumptions
of spherical symmetry in 3 dimensions, and by demanding only that U and Ψ be
everywhere smooth, they discovered a discrete family of bound state solutions,
labelled by an integer n  0. Each solution is a normalizable wavefunction,
and the nth solution has n zeros. The energy eigenvalues associated with each
of these solutions are negative, and monotonically converge to zero for large
n. These results can be justied analytically [?]. The energy eigenvalues are
the dierences between a given bound state and a continuum ‘superposition’
state, and so provide via (1) an estimate of the timescale of self-collapse of a
single particle of mass m. The energy eigenvalues scale like m5, and so particles
of small mass have extremely long self-collapse times { for a nucleon mass the
estimate is 1053s [?]. A recent related study by Soni is commensurate with these
results [?].
Relaxing the assumption of spherical symmetry is in general a dicult task
due to the non-linearity of the SN equations. However there are two situations
in which this is fairly straightforward: cylindrical symmetry with no angu-
lar momentum and planar symmetry. Rewriting the SN equations for these
cases eectively reduces them to 2 and 1 dimensional situations respectively.
These cases, along with the spherically symmetric case, can be simultaneously
recovered by rewriting the spherically symmetric SN equations in D dimen-
sions. Motivated by the above, we consider in this paper an analysis of the
D-dimensional spherically symmetric SN equations, for D  1. Although the
higher-dimensional cases are of less direct physical interest that the D = 2, 3
cases, such a study aords us some insight into the dimensional behaviour of
the SN system. This behaviour may be of more than pure pedagogical interest
since many candidate approaches to quantum gravity are typically cast in higher
dimensions (superstring theory being the obvious example).
2 The D-dimensional SN equations
Any solution to the SN equations (2,3) must be normalizable (i.e. square-





where k is a dimensionless number, and so the wavefunction must be rescaled
to ensure there is unit probability of nding the particle somewhere in space.
Writing Ψ = kψ, the SN equations then become
−}22mr2ψ + Uψ = Eψ (5)
r2U = 4piGk2m2 jψj2 (6)∫ ∞
0
dDx jψj2 = 1 (7)
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